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Initial Global Ocean Observing System for Climate
Status against the GCOS Implementation Plan and JCOMM targets

Total in situ networks 357% January 2007

57% Surface measurements from
volunteer ships (VOSclim)

\  continuous satellite measurements
“.-# of sea surface temperature, height,

winds, ocean colour, and sea ice
200 ships in pilol project

Global drifting surface
o,
100% buoy array

_—
S 57 resolution array: 1250 floats

42% Tide gauge network (GCOS
subset of GLOSS core network)
A

170 real-time reporting gauges

81% XBT sub-surface temperature

section network
| —

51 lines occupied

919% Argo profiling float

E .
‘ @ 3 resolution aray: 3000 floats

Reference ., }i_ o, Global reference i g6, Global tropical moored 43% Repeat hydrography and
time series 21 / ,_' : 57 mooring network J buoy network 'ﬁu carbon inventory
Jt. '

58 sites - .’-:__; 8 29 moorings planned (] 118 moorings planned Full sosan sisvey In 10 yoars
* A total of 5635 platforms are
maintained globally.

'(omm - Of these, 2541 are sponsored
jcommC 2541 are

iy
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As the global ocean observing system matures,
climatologies of essential climate variables are grow-
ing more robust, as are observations of anomalows
departures that shed light on the evolving behavier
of the coupled ocean-atmosphere system. Year 2004
exhibited numerous anomalies of interest:

« Gilobal sca surface temperature anomalics were
primarily positive, notably so in boreal summer in
the M. Atlantic and in the latter part of the year in
the central and eastern equatorial Pacific associ-
ated with the 2006 El Nifio.

« Mean of latent plus sensible heat flux was similar
to that in 2005; total flux in both vears were at the
high end of a long-term upward trend that started
in 1977-1974. Significant heat flux anomalies were
observed in the regions of the 2006 El Nifo and
Indian Oxcean dipole mode event.

« Cilobal sea surface salinity anomalies accentuated
climatological patterns: fresh water regions were
fresher, salty regions were salticr. The subpolar
M. Atlantic and Nordic seas were anomalously
salty in 2006.

+ Dramatic westward surface current anomalics
associated with the development of El Nifio were
observed late in the year in the tropical Pacific
Ocean, while scasonal reversal of currents were
particularly pronounced on the eguator in the
Atlantic Ocean. Exchange of water between the
South and North Atlantic Oceans was weaker
than normal.

+ The meridional overturning circulation (MOC)

Annual State of the Climate report (SOTC)

Fig. 3. 1. Mean and standard deviation of monthly 85T
anomalies for 2006 on a 1° spatial grid. The anomalies
are compubed relative to a 19712000 base peried. The
contour interval is 0.3°C; the 0 contour is not shown.
AYHRR satellite data are used.

pogenic CO2 uptake continues to exceed Pacific
Ocean uptake.

+ Global annual average ocean color anomalies were
niot markedly different from those ohserved in the
satellite record over the past decade. However,
anomalies in the Mifo 3.4 region were indicative
of a 2006 El Nifio that was stronger {considerably
weaker) than that of 2002-2003 (1997-15%8).

b, Temperature

1) 56a suntace TeHPERaTURE—L W, Brweis

The 55Ts for 2006 are shown as monthly fields
interpolated from the weekly 17 optimum interpola-
tion (1) analyses of Reynolds et al. (2002). All results
presented here are shown as anomalies defined as dif-
ferences from a 1971-2002 climatological base period
described by Xuoe et al. (2003).

The yearly average and standard deviation of the



Forcing functions for the
Observing System

* Transition from research to operations

* Technological advances

* Multi-purpose globalization of ocean
observations

» Effectiveness

* Value

Observing system will evolve as it performs



Elements are being transitioned. TAO in process,
Argo floats discussed for after 2010.

National Oceanic and Atmospheric Administe

National Data Buoy ¢

Center of Excellence in Marine Technolog_y :

Organization SR Il NDBC web site search

Home News

Important information regarding TAO parallel testing!

reaco  Daily Status

Buoy Summary

Time Series Plots

Lat-Lon Plots ‘ § Ship Location: Service 0140w line
Section Plots - (09°00°S 140°06 °W, as of 05/27/07 @ 18Z)

Assorted Plots
TAO/TRITOIN Ai1ra

NDBC Home
[ o | Data valid 27 May 2007; QC’ed 28 May 2007

S LEGEND
- D & Busy Dalted Outside Q 80% — 100% Sensor Availability

Nominal Watch Area
NT — No Transmits - 60% — 79% Sensor Availability

Cl < 60% Sensor Availability

TRITON Buoy




Potenital density (contours) on optical backscatter (color) Cross Gulf Stream transect
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Evolution of observing technologies  (som Breck owens, wHol)



Technological advances enabling
progress towards global, real-time

More data in real time (e.g., more subsurface
data from moorings, NDBC data insertion on GTS)

Communication between subsurface moorings and
mobile, subsurface platforms and surface platforms

Multidisciplinary sensors
Platforms capable of operating in challenging regimes
(e.g. KEO surface mooring; under ice)

More platforms.....



Global observing - different drivers

DART LOCATIONS - CONCEPTUAL PLAN

(As of April 17, 2006)
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National Science Foundation - ORION

Global Sites identified in Request for Proposals for
S5-year build, 5-year operate

r o 0 .
. 0 A
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as of 22-Mar-2006 , partly based on information from 2005

OCEANSITES

Circles - surface/subsurface mooring pair - real time
Square - stable platform, high bandwidth
Diamond - surface mooring for acoustic tomography




One design to be
proposed for Orion stable
platform for mid-Atlantic
Ridge site

Power, bandwidth

Platform for
comprehensive
atmospheric observations;
soundings, radar,
aerosols, ...



Northeastern Regional Coastal Ocean Observing System

Processes

Schematic winter
circulation

Cross-shelf exchange

5 Existing Assets
0 NOAA buoy
43°N . NOAA C-man stations
1 GoMOOS buoy
. e g A Great Bay buoy (UNH/COOA)
0 —— Line W buoys (WHOI)

42N ' : B MVCO (WHOI)
LISICOS mooring (UConn)
LEO-15 (Rutgers)
eorae .

;“ - 3 Ra Rutgers glider

4 S Browns Bank transect (BIO)
41°N Wilkinson Basin transect
ound Blo and (UNH/COOA)

ORION Pioneer Array

oak I Mesoscale Array (Gliders)
e 0
—=="Adaptive Array (AUVs)
40°N P Y

— Frontal Array (moorings)

Proposed Enhancements

Block Island Sound mooring

e0 (UConn/URI)

N Sentinel benthic study sites:
NEBO Project

Northeast Channel transect

(BIO)
38°N

74°W 72°W 70°W 68°W 66°W

More comprehensive
coastal observations

ORION Pioneer array (left), embedded in NE regional
coastal observing system
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Increased real time delivery from ocean observations
Increased availability and integration?

Coastal Scale Observatory

cso @
Operations

Cyberinfrastructure

Region Cabled Observatory

RCO @
Operations :

pppppppp

Marine
Interface

Ocean Observatory
Network

Activities

Cyger a @
Operations

Observatory Services

Real time Processing

Data Catalog & Repository

Resources

Above: ORION Cyberinfrastructure schematic Other drivers: NDBC collection,

Ocean Research Laboratory

I Interface

Global Scale Observatory

GSO @
Operations

Teragrid &
Open Science Grid

| || || || e | e

Virtual Ocean

Ocean Modeling

QC, and insertion on GTS of data from diverse I00S platforms



The present OOS and Syntheses

« GODAE
* Reanalysis efforts
 CLIVAR GSORP - recent workshop

* Are these guiding the evolution of the
Ssystem or assessing its effectiveness?

* Are we responding to the forcing
functions?



Mercator/Coriolis

Temperature analysis (deg C) — Depth 10 m - 23-May-2007
—

Global temperature and
o salinity at 10m,

May 23, 2007

e From Coriolis website

Salinity analysis (P.S.U) - Depth 10 m - 23-May-2007
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00N OOPC | State of the ocean climate | Overview
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TAO/TRITON SST (°C) and Winds (m s~ 1)
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ENSO Forecast from Aug 2005 to May 2007
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TAO/TRITON SST (°C) and Winds (m s~ 1)
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Do we now synthesize
three-dimensional
temperature, salinity
fields using all data?

How robust is this when
some data is missing?

ENSO Forecast from Aug 2005 to May 2007
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T300: Equatorial regions
Magdalena A. Balmaseda and Anthony Weaver CLIVAR GSOP Workshop

12m rm seasonal anom EQPAC Averaged temperature over the top 300m
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« Relatively robust interannual
variability.

* Increased uncertainty after
2000. Why? 05
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TAO/TRITON SST (°C) and Winds (m s~ 1)
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Move and re-equip the TAO moorings and use the moorings to
observe zonal velocities and drive model improvements?

60°N

40°N

20°N

00

20°8 §
40°8

60°S

80°3

120°E  150°E

180°  150°W 120°W  90°W 120°E 150°E  180° 150°W 120°W 90°W

B0°N

40°N

20°N

0°
20°S
40°s
60°S 4

80°S

120°E  150°E

180°  150°W 120°W  O0°W 120°E 150°E  180° 150°W 120°W  90%W

(Lumpkin and Goni, SOTC, BAMS)



Some Summary and Conclusions from
Magdalena A. Balmaseda and Anthony Weaver CLIVAR GSOP Workshop

There is large uncertainty in climate signals
— Signal to noise ratio > 1 in the Eastern Pacific for Temperature
— Signal to noise ratio <1 for salinity in most regions

— Warming trend in the 90’s is consistently reproduced
— What is happening now? There is not consistent picture

Forcing fluxes and analysis methods are largest source of
uncertainty

— Data Assimilation does not always collapse the spread: We
need to pay more attention to the assimilation methods.




Global averaged heat flux
Lisan Yu, WHOI, CLIVAR GSOP Workshop 2006

Model Product

Qe (Wm?) Qe (Wm2)

ECCO-MIT 1.94 NCEP 1.29
ECCO-JPL 0.20 ERA40 5.24
ECCO-SIO 0.89 NOC 20.13
ECCO-50yr 1.50 OAFlux+ISCCP 29.61
MCT2 -1.84

MCT3 2.56

GFDL -12.71

INGV 2.91

NASA 6.29

*Where do model fluxes differ most?
Ocean fronts: western boundary currents, the equatorial cold tongue,
and Antarctic circumpolar currents.

*What are the implications? The surface flux estimation depends on the
model’s ability to resolve the frontal dynamics.



Climode 1 Temperature on 2006/3/23
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Can a global IOOS and or 1 minute SST
models used for syntheses .| 7-5min20mT |
address the frontal regions .| sciminute
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mismatch in global fluxes?
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Regional syntheses - Ocean Reference
Stations with nearby VOS tracks

Surface meteorology and fluxes
— Known accuracy

— Validation for flux products

— Point info, fluxes, ocean structure

Temperature (z), Salinity (z), U(z)
Some with 6+ years of data
Document air-exchange, ocean
change/variability, air-sea covariability at the point
Test local closure



Wim™

Wim™2

Wim™

Wim™2

Wim™2

TAO was completed and has been effective; other elements of the
OOS have built their histories (ARGO, ORS, drifters, HR XBT lines,...)

Stratus ORS - 6 years of heat flux anomalies

T

50 QNET . A . 4
A ""VL \ ~ n N A / 1 A
" T L A A A k() 'Y A[
ok ¥ T’* W x_i‘.l(‘”. i 41: W | ,i\"‘ ¥ A ,,(-"1' ._"‘M ..‘..': Y"':"’"qv ;V.;&y_\ -
Y ¥ \ ! \)

50} R
2000 2001 2002 2003 2004 2005 2006 2007
S50 Qlat

A ~ f " An A N fob A -
o LW aVois ~.¢..,' v ':/‘-\— v ;' tw"\w"v"w X » - ‘\r‘v’ ‘\,\.,‘\f 3_/"" v "I»'-.‘ V.f.\."\.‘-‘ T ‘V'\-‘l' R

-50 v
2000 2001 2002 2003 2004 2005 2006 2007
501 Qsen

0 o - s = -
-50
A
2000 2001 2002 2003 2004 2005 2006 2007
501 Qlw
- o, 2
0 %M&WM%AVT
50+
’ 1 i i 1 i J
2000 2001 2002 2003 2004 2005 2006 2007
50 Qsw
f'."\-l\h ,,‘.-r.' Mo A LA '.-" AN 2
of Y A .*f'\-.-.‘,"y.‘\! AN ™ W

-50
2000 2001 2002 2003 2004 2005 2006 2007

year

30-day rm low pass

£
=

Wim™?

Wim™2

Wim™

120 day low pass

40
20
ol
-20
-40

QNET

2000

2001 2002 2003 2004 2005 2006

2007

40
20

Qlat

2000

2001 2002 2003 2004 2005 2006

2007

Q sen

2000

Qlw

2001 2002 2003 2004 2005 2006

2007

4 e 1 4 i
2001 2002 2003 2004 2005 2006

2007

1
2001 2002 2003 2004 2005 2006
year

120-day rm low pass

2007



Regional syntheses

« Extend radially the sea surface-meteorology and

fluxes
— Nearby VOS tracks, satellite, NWP, drifters, flux products

« Extend radially the ocean volume
— ARGO, XBT, satellite, gliders
— Space/time scales of the ocean/representativeness of the
point
— Increase regional sampling (XBTS, floats, gliders, drifters)
 |dentify the space/time scales of the atmosphere,

and ocean, the representativeness of the point
— Decorrelation scales



Regional synthesis: Ocean Reference
Stations

Contrast this point/volume with model and model-based fields

Capitalize on process studies to elucidate processes (e.g.,
VOCALS - in the Chilean stratus deck region)

Perform regional OSSE’s; withdraw some elements of the
sampling

Programs like TOGA COARE did balance the surface energy
budgets, identify the important processes on both sides of the
interface

Challenge ocean reanalyses, analyses, and models to match
the observations and understandings in the regions around the
ORS



Regional syntheses

Guide evolution of the observing system

— Respond to pressures, evolve - eastern tropical Pacific
« Make more robust, integrative products
» Address uncertainties in models
* Move away from vulnerable or overly redundant observations

— Complete synthetic analyses at well-observed regions
» The Ocean Reference Stations now
« The NSF ORION global sites later

» Verify air-sea fluxes, examine covariability across air-sea
interface

» Establish ‘representativeness’, space/time scales
» Leverage process studies

« Complement with additional elements to make long-term
regional observing commitments

» Determine what can be removed to accomplish Climate Obs
Program goals and leave robust capability and products



Regional syntheses

« Integration of the observing system
— Bring on board other elements (e.g., DART)

« Construct the patchwork quilt of regional syntheses

— Build toward the regional syntheses converging with global
syntheses and analyses

— This may lead to more effort to address ‘problem’ or challenging
regions

— Build toward understanding the differences between different

integrative, global measures: transports, global averaged surface
fluxes

« Take on ‘regions’ bordering coastal IOOS domains and work

toward integration of the global and coastal observations and
analyses



Initial Global Ocean Observing System for Climate
Status against the GCOS Implementation Plan and JCOMM targets

Total in situ networks 357% January 2007

57% Surface measurements from
volunteer ships (VOSclim)

\  continuous satellite measurements
“.-# of sea surface temperature, height,

winds, ocean colour, and sea ice
200 ships in pilol project

Global drifting surface
o,
100% buoy array

_—
S 57 resolution array: 1250 floats

42% Tide gauge network (GCOS
subset of GLOSS core network)
A

170 real-time reporting gauges

81% XBT sub-surface temperature

section network
| —

51 lines occupied

919% Argo profiling float

E .
‘ @ 3 resolution aray: 3000 floats

Reference ., }i_ o, Global reference i g6, Global tropical moored 43% Repeat hydrography and
time series 21 / ,_' : 57 mooring network J buoy network 'ﬁu carbon inventory
Jt. '

58 sites - .’-:__; 8 29 moorings planned (] 118 moorings planned Full sosan sisvey In 10 yoars
* A total of 5635 platforms are
maintained globally.

'(omm - Of these, 2541 are sponsored
jcommC 2541 are
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